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Amplifier loading versus SWR. 


By Clayton F.Bane, W6WB. 


By popular request, we present a brief dis- 
cussion of some of the problems commonly en- 
countered in loading the transmission line to 
the final amplifier. 


At the outset we wish to state that parts 
of this paper were taken from the excellent 
article by Byron Goodman in QST for August 1947 
entitled, “Coupling to flat lines”. We however, 
are primarily concerned with lines that are not 
flat; seemingly more the rule than the except - 
ion. Goodman pointed out that the reason many 
lines would not load the final was due to the 
fact that the ratio of “Q” between amplifier 
and antenna coil was not correct for an ade- 
quate coefficient of coupling. Stating this 
another way, there is an optimum value of coil 
and capacitor for the secondary circuit that 
will permit the line to fully load the ampli- 
fier. The constants of this secondary circuit 
will depend upon the amount of coupling requi- 
red, the impedance of the transmission line and 
the frequency of operation. This immediately 
brings up the question, ‘*How much coupling is 
required?” This is readily answered by postu- 
lating a coefficient of coupling,(K) equal to 
approximately point one. (.1). Meaningless in 


itself, this figure takes on significance when 
related to other circuit parameters, thus: 
1 
————— (1) 
VQ, x Q» 


where Qsis the Q of the secondary pickup cir- 
cuit, (the value of which we must determine ) 
and Qpis the loaded Q of the final amplifier 
L/C circuit. (A value of Qpequal to 12 is con- 
sidered satisfactory for most amplifiers). 


Assuming a Q of 12 for Qp, if Q,is assigned 
a value of 10, the factor K will approximately 
equal .09 which is sufficiently close to the 
desired value of .1 to provide adequate coup- 
ling between line and amplifier. It now re- 
mains to determine the L/C ratio that will pro- 
vide the desired secondary Q of 10. Since this 
secondary circuit will be resonant at the oper- 
ating frequency, the “L” part can be readily 
determined once the “C” part is known. There 
will be two choices of connection for this 
secondary L/C circuit,--series or parallel. The 
proper one to use will be clear enough when the 
complete design date is stated. 


Q=2n7fCR (2) 
1 


For series resonance, Q= a TCR (3 ) 


For parallel resonance, 
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where f=frequency of operation, Czcapacity in 
the tuned circuit and Recharacteristic imped- 
ance of the transmission line. Suitable values 
for a Qsof 10 at a frequency of 14 mc are given 
in the accompanying tables. 


Consider the values for parallel resonance 
corresponding to a line impedance of 52 ohms. 
Note that the required shunt capacity turns out 
to be a mere 2187 mmf--surely not a very prac- 
tical value for 14 mc since the required induc- 
tance would be vanishingly small. By contrast, 
series resonance requires a C of 21 mmf for 52 
ohm line impedance--an entirely practical value. 
In general then, use parallel tuning for high 
impedance lines--series tuning for lines of 
low impedance. It is important to note that the 
impedance of the transmission line has a very 
definite bearing on the amount of C that will 
be used for a given Q at a given frequency. If 
the transmission line is “flat”, i.e., has no 
standing waves on it, the impedance across the 
secondary pickup circuit will be purely resis- 
tive and equal to the characteristic impedance 
of the line. Unfortunately, this is a condition 
that is seldom present in amateur installations. 
Even though the SWR on the line may be lo 
perhaps 1.5 or 2, the impedance across the sec- 
ondary circuit can be radically different from 
the characteristic impedance of the line! The 


C-R-L CHART FOR 14 MEGACYCLES. 
C=micro-microfarads, R=ohms, L=microhenries, f=mc. 
(Values in chart correspond to a secondary Q of 10) 
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true value will depend both upon the SWR and 
the actual length of the line. It follows then 
that there is little point in attempting to 
design a proper secondary coupling circuit 
using idealized or “flat” line impedance values 
when the line in use has standing waves on it. 
A somewhat different approach is suggested in 
the material to follow. 


As stated, if the transmission line is flat 
the impedance across the secondary circuit will 
be resistive and equal to the characteristic 
impedance of the line. The output power will 
then be the line current squared times the im- 
pedance of the line or, W=I*R. Let’s review a 
complete measuring procedure: Assuming that an 
RF ammeter of suitable range has been inserted 
in the line,(close to the pickup coil) increase 
the antenna coupling until some suitable read- 
ing has been obtained on the ammeter. Ideally, 
increase the coupling until the final amplifier 
is drawing normal maximum plate current. (if 
you are having coupling troubles this probably 
wont be possible but load as heavily as you can) 
Now then, the transmitter input power will be 
equal to the DC Plate Voltage times DC Plate 
Current. Assuming a plate efficiency of 75%, 
the output power will be approximately 75% of 
the input power or, W=W, x.75 . Actual effici- 
ency may be 5 to 10% higher or lower--the .75 
figure is sufficiently close for the example to 
be cited. Following the procedure as given, we 
will have two values of output power,--one ob- 
tained by the calculation just stated--another 
determined by the square of the reading of the 
RF meter in the line times the line impedance. 
If the line is flat, the two output powers will 
be in relatively close agreement ,perhaps within 
10 to 15% of each other. What usually happens 
is that with a power input of say 1000 watts, 
(estimated 750 watts output ) the ammeter-line 
impedance method will yield some fantastic 
figure, perhaps 1500 watts output! It might 
readily be on the low side, say 400 watts. In 
either case, dont lose your faith in OHMS LAW 
nor is there any reason to suspect the RF meter 
(within reasonable limits). The discrepancy is 
usually found to be in the assumption that the 
input impedance is equal to the characteristic 
impedance of the line. 


When a line has standing waves on it the 
impedance at the transmitter end will depend 
upon the line length and may be at wide vari- 
ance with its true characteristic impedance. 
Notwithstanding, the RF ammeter readings, mean- 
ingless as regards power output, can furnish 
some very useful information. The first thing 
to establish is the meter reading that would 
be obtained if the actual impedance were equal 
to the characteristic line impedance. Once more 
assuming an efficiency of 75%, the meter read- 
ing can be related to the power input and the 
true line impedance by simple formula: 


I= Wine > 75 
V R 


(4) 
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If your power input were 1000 watts with effi- 
ciency of 75%, power output would be 750 watts. 
Taking this value and a line impedance of 52 
ohms, I in the above formula would be 3.8 amps. 
If efficiency were 85%, I would equal 4.05 amps. 
Efficiency of 65%, I equals 3.55 amps. Thus a 
20% change in output power represents only 11% 
change in meter reading. Now make R equal 100 
ohms instead of 52 and the current will drop to 
2.38 amps.Lower R from 52 to 25 and the current 
will raise to 5.47 amps. From this, the RF line 
current will indicate whether the particular 
line length in use results in an impedance 
equal to, higher or lower than the characteris- 
tic impedance of the transmission line. 


One peculiar thing about loading a line 
that has standing waves on it is the fact that 
you may, (by pure chance) have a line length 
that will,“drag the final right up into the an- 
tenna” merely by using a one or two turn pick- 
up coil with neither series nor parallel tun- 
ing® capacitor. Minor changes in the length of 
the line can, (and probably will) change this 
completely to a point where the final will 
hardly load at all. The line current vs prob- 
able impedance method can save a lot of cut and 
try in determining secondary constants that 
will insure adequate loading. If the load im- 
pedance checks out to be too high or too low, 
the line length should be altered by adding or 
subtracting a few feet until the ammeter read- 
ing approaches a value somewhere near to what 
it would be if the load were approximately 
equal to the characteristic impedance of the 
particular line in use. The chart, (or the 
basic formulas) can then be used to establish 
tentative L/C values based on the characteris- 
tic impedance of the line. Since a variable 
capacitor will be used there will normally be 
sufficient capacity range to bracket a number 
of different impedances. While the resultant Q 
may not be exdctly the optimum value of 10, it 
may nevertheless be sufficient for adequate 
coefficient of coupling. One Likewise has the 
choice between series and parallel connection 
of the capacitor to provide even wider latitude. 
George Grammer ,(Technical Editor,QST) suggested 
in one of his articles that all of the induc- 
tance in the pickup circuit does not necessar- 
ily have to be in the pickup link. The turns 
in the swinging link can thus be largely set by 
practical considerations---the additional in- 
ductance, (if required) being provided by 
another inductor in series. This would be of 
advantage when operation is on low frequencies 
or when the maximum link turns are limited by 
the availability of commercial coils, parti- 
cularly those having Faraday shields. 
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Here are some brand new photographs of our store and a few words 
of explanation as to our reasons for presenting them. They will 
of course represent a familiar scene to many Tecnews readers who 
are regular customers of long standing. We should like to point 
out to our outlying customers who havn’t seen the store that the 
arrangement as you see it here works out best to provide the one 
thing we have tried to stress above all others, service! This ap- 
plies to over-the-counter, telephone and mail order. The pictures 
show only a portion of our 8000 square feet; stock warehouse and 
mail-order shipping departments not being shown. This additional 
space is important, since we carry just about every worthwhile line 
in substantial quantity. The very heavy movement of Television 
merchandise,--sets, antennas and accessories--has necessitated 
many interior rearrangements until we have now added a new section 
where such equipment may be displayed under favorable conditions. 
All in all, the store goes a long way toward backing up our 
Tecnews masthead, “Everything in Radio and Electronics.” 


STEEL AND ALUMINUM CHASSIS 
A complete stock..all sizes 


BUD STEEL CHASSIS BASES 
These chassis are made from one 
piece of steel, all corners are rein- 
forced and spot welded. The four 
sides are folded on bottom for add- 
itional strength — this also permits 
a bottom plate to be attached if 
desired. Furnished in either Black 
Wrinkle or Electro-Zinc plated. 


BUD ALUMINUM CHASSIS 


The construction and design of these 
chassis is exactly the same as our 
steel chassis. The aluminum chassis 
are welded on government approved 
spot welders that are the same as 
used in the welding of aluminum 
airplane parts. 
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Our complete catalog department can 
supply you with catalogs and litera- 
ture of prac len any of the well- 
known radio parts and equipment manu- 

facturers. Don't hesisitate to ask. 
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NEW BUD ADD-a-RACK SERIES 


It has always been necessary to buy 
special racks without louvers on one 
side to obtain a maximum of panel 
space with a minimum of floor space. 
Now, you no longer need to buy a whole 
new cabinet when you want additional 
panel space. Through our new and 
exclusive Add-a-Rack series, BUD not 
only offers additional racks at a lower 
cost, but provides you with a sturdier, 
better looking assembly. 

The illustration at top shows two 
Add-a-Rack cabinets assembled to- 
gether. The illustration below shows 
the unique and ingenious method of 
adding a unit to your present, bes 
ment. Instead of buying an entire new outfit, you purchase only 
four parts: (1) a door (2) atop (3) a bottom and (4) an Add- 
a-Rack coupling-unit. The right (or left) hand side of your present 
relay rack is removed and replaced by the Add-a-Rack coupling- 
unit; next, a top and bottom is fastened into place, and the side 
taken from the first rack is fastened onto the second rack which 
has been added. Place the additional door into position and you 
have two racks properly and efficiently coupled together. In the 
same simple way, more racks can be added at any time and every 
one will be in a CONTINUOUS ONE-PIECE assembly. 


This series is available in two ways. (1) a double unit consisting 
of two racks and the Add- . 
a-Rack coupling unit, (2) 
Add-a-Rack unit, consist- 
ing of a door, a top, a bot- 
tom and an Add-a-Rack 
coupling-unit. These units 
are furnished with all nec- 
essary assembling and pan- 
el mounting hardware. 
Bud RC-7756 Casters 
will fit this unit. Cast- 
ers are not included in 
price of cabinet. 
Add-a-Rack Used to 
Unit Add-a-Rack to 
AR-1778 CR-1774 
AR-1775 CR-1771 
AR-1776 CR-1772 
AR-1777 CR-1773 
Complete unit, consisting of the knocked-down parts necessary for 
two relay racks coupled together. 
CR-1779 two coupled relay racks same size as CR-1774 
CR-1780 two coupled relay racks same size as CR-1771 
CR-1786 two coupled relay racks same size as CR-1772 
CR-1799 two coupled relay racks same size as CR-1773 
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BUD DE LUXE RELAY RACKS 


Catalog Panel Shipping 
No. Space wt. 
CR-1774 6 3634" 90 Ibs. 
CR-1771 42" 100 Ibs. 
CR-1772 614" 135 Ibs. 
CR-1773 rb fs 155 lbs. 
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